carrier diagnosis, infantile hypophosphatasia (HOPS), liver/bone/kidney alkaline phosphatase (ALPL), restriction fragment length polymorphism (RFLP) Infantile hypophosphatasia (HOPS) is an autosomal recessive disorder, which presents within the first 6 months of life, and is characterized by systemic bone mineralization abnormality with low or deficient activity of serum and tissue alkaline phosphatase (ALP). HOPS carriers, who may also reveal low ALP activity, can be determined by analyses of certain biochemical parameters . Genetically, the HOPS gene is strongly linked to the Rh blood group locus (RH, lp36.2-34) (Chodirker et al., 1987) and to the liver/bone/kidney-type ALP (ALPL) locus (lp36.t-34) . The restriction fragment length polymorphism (RFLP) of the ALPL locus found in Mspl-digested DNA samples was thus informative for carrier and prenatal diagnoses. In this paper, we also describe RFLP analyses of ALPL and other DNA markers for the assignment of carriers in a family affected with HOPS.
search Laboratories of Shimane Medical University Hospital. The HOPS carrier probabilities for the sister and parents were determined using a diagnostic logistic regression analysis model based on serum ALP and phosphate (P j) levels . Since the normal levels of parameters examined here were different from those used in the model, probably due to different analytical techniques, the determined concentrations were corrected by adjusting the normal ranges for the calculation. Since no phosphoethanolamine (PEA) was excreted in the urine of the subjects, another model based on ALP, P~, and urine PEA was omitted for carrier assignment. The parents in this HOPS family should have been obligate carriers since HOPS is an autosomal recessive disorder. By the former model, the carrier probability of the mother was slightly high 0.7, according to her low normal ALP activity and normal P~ level (Table 1) . However, the probability of the father was, illogically, too low, because of normal enzyme activity and low Pi level. Although this diagnostic model had appeared to be quite informative for screening, false positive or negative results have been obtained in a few subjects . This model, which was established in a high-risk HOPS population of Manitoba Mennonite families, might be unsuitable for carrier diagnosis in this family: Since mutations causing HOPS were suggested to be very heterogeneous , the ALP activity of the carriers in this family was possibly less affected than that in the Mennonites. Thus, the result showing the extremelylow probability of the sister being a carrier might be also unreliable. Whether she was a HOPS carrier or not should have been determined by pedigree analysis using po lymorphic genetic markers. DNA was extracted from peripheral blood leukocytes. Probes used were pS3-1 for the ALPL locus (Weiss et aI., 1986) , pHUI-ID for the human U1 small nuclear RNA locus (RNU1, lp36.1) (Lurid and Dahlberg, 1984) , and pYNZ2 for a variable number of tandem repeat (VNTR) locus (D1S57, lp) (Nakamura et al., 1987 (Nakamura et al., , 1988 . These probes were supplied from Japanese Cancer Research Resources Bank and labeled with digoxigenin-ll-2'-deoxyuridine-5'-triphosphate (Boehringer Mannheim, Mannheim, Germany) by nick translation for Southern blot analyses. Hybridization signals were detected with anti-digoxigenin-ALP conjugate (Boehringer Mannheim) and visualized by an enzyme-linked color reaction according to the supplier's instruction.
RFLP found within the ALPL locus were analyzed using DNA samples digested by SstI (Ray et al., 1988) , BclI (Weiss et al., 1987; Ray et al., 1988) , or MspI (Table 2 , Fig. 1 ). MspI RFLP was monomorphic in this family. SstI RFLP showed that the patient and her father were homozygous A1/ A1, and that her sister and mother were heterozygous A1/A2. This result indicated that the patient and her sister had inherited different ALPL alleles from their mother. On the other hand, BclI RFLP revealed that the four were the same heterozygous A1/A2. Since the maternal ALPL alleles of the patient and her sister were different, their paternal alleles were inevitably disparate: When their maternal alleles were assumed to be AI and A2, their paternal alleles would be A2 and AI, respectively.
The same result was obtained from RFLP within the RNU1 and DIS57 loci (Table 2) . Since the former is located in lp36.1, relatively closed linkage might be expected with HOPS. On the other hand, the minute location of the latter locus on chromosome l p is unknown. However, because VNTR loci generally exist near the teromeres of chromosomes, and because VNTR markers are highly informative for pedigree analyses (Akane et al., 1990a (Akane et al., , 1990b (Akane et al., , 1991 , the RFLP was referentially analyzed. Further investigation on the linkages of these markers with the HOPS gene is required.
For Rh blood grouping, only the D antigen of the patient had been analyzed wbile she was still alive. Fortunately, she was homozygous dd while the other members of the family had D antigens (Table 2) . According to RFLP, the parents might be heterozygous Dd, and the sister was probably homozygous DD. Thus, the Rh*d allele might segregate with the HOPS gene in this family. However, it would be di~cult to assign the HOPS carrier by detection of the d allele in the other blood relatives, because there is no anti-d antisera.
For genetic counseling, it is quite important to assign carriers of such fatal gm~etic disorders as HOPS. When mutations causing such a disease have not been identified, closely-linked RFEP can be used for diagnosis, as shown in this study. However, RFLP are sometimes not polymorphic in blood relatives. In such cases, the other RFLP should be analyzed. It is thus necessary to establish ~be minute mapping of RFLP markers on chromosomes.
